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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
In the polymer electrolyte fuel cell (PEFC), the electrolyte membranes are chemically deteriorated by H2O2 which are reacted 
during operation. Also, the electrolyte membranes are suffered a cyclic stress caused by starting and shut-down operation. 
Because, during the operation of a PEFC, a water elongates the electrolyte membranes, and during the stoppage operation, the 
membranes are contracted under waterless condition. For accumulation of these chemically and/or mechanically damage, quality 
of the membranes are gradually worsened. In this study, to study a degradation distribution on the electrolyte membranes, a 
perforating testing machine was newly developed. By using this testing machine, we can make a “degradation map” for 
visualizing a degree of degradation in the cell of a PEFC. 
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1. Introduction 
Rec ntly, the number of aut mobiles has incr ase  and the greenh use effect caused by exhaust gas has become 
serious. Now fuel cells are attracted as the clean energy and developments on FCV (Fuel Cell Vehicle), which does 
not emit gr enhouse gas, ave becom  a topical research subject (LaConti, et al. 2003). Generally, FCV were 
equipped with PEFC, because of smaller size and lower operating temperature (<120°C) compared to the other types 
fuel cells. However, there are a lot of assignments in order to popularize FCV. One of these is to extend durability of 
the electrolyte membrane for ions exchange, which is deteriorating in use. In previous studies, it was reported that 
hydrogen peroxide is created in a fuel cell and decreases a generation of electricity performance (Sethuraman, et al. 
2008, Sethuraman, et al. 2008). Up to now, the estimation of electrical characteristic for fuel cells has been studied 
many times but focus on mechanical characteristic are pretty rare. 
In this study, for estimating the degree of chemical degradation using tensile tests results and nano-indenter 
hardness tests results, a correlation between the mechanical properties and the chemical degradation of the 
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electrolyte membrane was investigated. 
 
Nomenclature 
E  elastic modulus       Poisson’s ratio  
DHT115  dynamic hardness   Fmax  indentation force 
h  indentation depth    v  viscosity 
B  tensile strength      elongation 
f  perforating force    D  degradation degree 
2. Experimental procedure 
2.1. Material and specimens 
In this study, hydrocarbon thin films (thickness of 10 m), were used. After up to 24 h exposure in 120 oC 
hydrogen peroxide (H2O2) gas chamber, tensile specimen was hollowed out from the hydrocarbon membrane as 
shown in Fig. 1. At present study, two types sample were used for hardness tests. One was a film embedded vertical 
in epoxy resin as shown in Fig. 2. The hardness on a cross-section of membrane were measured using this sample. 
The other one was small square sample hollowed out from membrane for measuring surface hardness of membrane. 
 
 
 
 
 
 
 
 
          Fig. 1 Shape and dimensions of tensile specimen (unit in mm).        Fig. 2 Molded membrane for measuring cross section hardness. 
 
2.2. Tensile Test 
Tensile tests were carried out by means of originally designed tensile testing machine having environmental 
chamber (Fig. 3). For avoiding a relaxation during tensile loading, rapid cross head speed of 1.0 mm/s was used. 
Young’s modulus E and Poisson's ratio  can be calculated by analyzing a dynamic image obtained by the means of 
a high-definition CCD camera. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Newly designed tensile testing machine for membrane. 
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2.3. Hardness Test 
Hardness test was carried out by the means of the nano-indenter (SHIMADZU DUH211, Fig.4) in ambient air 
and at room temperature. In this study, the quality of correlation between chemical degradation and mechanical 
properties were investigated. There are two types mechanical properties obtained through loading-unloading test of 
nano-indenter. One is a dynamic hardness defined as indentation force Fmax divided by indentation depth h. As 
shown in Fig.5, as there are two types dynamic hardness DHT115-1 and DHT115-2, expressed by Eq.(1) and Eq.(2), 
respectively. The other is an elastic modulus defined as a gradient of tangent at the beginning of unloading curve 
(Fig. 5).  
 
 
 
 
  
                                            Fig. 4 Nano-indenter.                            Fig. 5 Schematic diagram of indentation force F and indentation depth h. 
DTH115-1 = 3.8584×Fmax / h12        (1) 
DTH115-2 = 3.8584×Fmax / h22        (2) 
3. Experimental results 
3.1. Results of tensile tests 
A viscosity is a one of useful parameter reflected a chemical degradation. For estimating a degree of chemical 
degradation, after exposing a hydrocarbon membrane to hydrogen peroxide gas, viscosity was measured. Figure 6 
shows a relationship between viscosity of membrane and exposure time. As shown in this figure, viscosity gradually 
decreased as exposure time increased. It is considered that a change in viscosity corresponded to the chemical 
degradation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Change in viscosity of membrane as a function of exposure time. 
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Relationships between viscosity and mechanical properties are indicated in Fig. 7. In this figure, three types of 
mechanical properties, tensile strength, elongation and apparent elastic modulus were compared, and scatter range 
and correlation coefficient are also shown in figure. It is obvious that the tensile strength is the most sensitive to a 
change in viscosity. Also it is found that scatter of tensile strength is very little. Therefore, it is considered that 
tensile strength is one of promising mechanical properties reflecting a chemical degradation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7 Relationship between viscosity and mechanical properties. 
3.2. Results of hardness tests 
  Relationships between viscosity and nano-indentation measurements measured on cross-section of membrane are 
shown in Fig. 8. In this figure, three types measurements, DHT115-1, DHT115-2 and elastic modulus were 
compared. In this case, it is obvious that the DHT115-1 is a candidate to reflect the change in viscosity, because 
scatter of DHT115-1 is very little and also correlation coefficient is biggest. Therefore, it is considered that 
DHT115-1 is one of promising nano-indenter measurements reflecting a chemical degradation.  
Figure 9 shows relationships between viscosity and nano-indentation measurements measured on membrane 
surface. By comparing Fig. 8 and Fig.9, it is noted that data and its scatter measured on cross-section are always 
larger than that measured on membrane surface because of constraint by hard epoxy resin. Therefore, it is concluded 
that data measured on membrane surface are more valid than data measured on membrane cross-section. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
     Fig. 8 Relationship among DHT115-1, DHT115-2, E and viscosity.       Fig. 9 Relationship among DHT115-1, DHT115-2, E and viscosity. 
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Figure 10 shows relationships among dynamic hardness DHT115-1 and mechanical properties obtained through 
tensile tests. In case of soft polymer material such as hydrocarbon membrane, degradation caused a hardening and a 
drop in strength.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 10 Relationship between DHT115-1 and mechanical properties. 
4. Discussion 
During a fuel cell power generation, sometimes hydrogen peroxide are created through H2−O2 reaction. The 
hydrogen peroxide attacks an ion-exchange membrane, then productivity of power generation decrease gradually. It 
is concluded that hardness tests using nano-indenter, which is a non-destructive testing method, are very useful for 
guaranteeing a reliability of the PEFC. 
On the other hand, mechanical properties and/or degradation degree has a distribution on a membrane. Especially, 
during power generation as a PEFC, a degree of the chemical degradation and/or mechanical degradation are 
distributed in the area of membrane as a fuel cell. For inspecting degradation degree and for making “degradation 
map”, a perforating machine was newly developed as shown in Fig.11. 
 
 
 
 
 
 
 
                                                                                                                                          (a) 
 
 
 
 
 
 
 
 
 
                                                                                                                                         (b) 
                       Fig. 11 Photograph of perforating machine.                                Fig. 12 Shape and dimensions of perforating needle. 
                                                                                                              Whole view (a), detailed drawing of part A (b). 
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This testing machine is converted a desk-top type tensile testing machine into a perforating machine. This 
machine consists of (a)frame of original machine, (b)table having a lot of thin holes for placing a membrane, 
(c)perforating needle (Fig. 12) connecting to a loadcell and (d)computer controlled XYZ automatic stages. For 
adjusting a perforating needle’s center to each thin hole’s center, and for perforating a membrane by using needle 
and measuring a load during perforating the XYZ automatic stages were controlled by personal computer. 
Figure 13 shows an example of a change in perforating force during a perforating test. In this study, we defined 
the degradation D degree by means of maximum perforating force that measured before power generating test fbefore 
and that measured after generating test fafter as shown in Eq.(3). 
 
100(%) after before
before
f f
D
f
                  (3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13 Relationship between time and perforating force during perforating test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14 Example of degradation map. 
 
 
Figure 14 shows an example of degradation map measured on a membrane after power generation test. In this 
figure, degradation degree was converted to coloring scale. Contour lines of degradation can be drawn. For drawing 
degradation map, it is easy to visualizing the degraded area.  
anode in 
anode out 
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5. Summary and conclusions 
    For evaluating chemical degradation of hydrocarbon films, tensile tests and hardness tests using nano-indenter 
were carried out. It was found that in case of soft polymer material such as hydrocarbon membrane, degradation 
caused a hardening and a drop in strength. It is concluded that hardness tests using nano-indenter, which is a non-
destructive testing method, are very useful for guaranteeing a reliability of the PEFC. Also, a degradation map by 
means of perforating testing machine is useful to visualizing the degraded area. 
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